Two cases are presented of misadventure occurring in association with the use of anaesthetic scavenging equipment. The first case demonstrates how easily the scavenging line linking the venting port of a mechanical ventilator to the scavenging interface can become accidentally obstructed. The second case suggests that the proper use of scavenging equipment will effectively eliminate any possibility of recognising by smell an accidental overdose of volatile anaesthetic agent. Previous reports of scavenging hazards are briefly reviewed. It is concluded from this review that scavenging suction should be 'low-vacuum', that a relief valve must be included in the scavenging pathway proximal to any site of potential obstruction, and that the appearance and function of a scavenging interface must be simple and immediately obvious.
The removal of waste anaesthetic gases and vapours from the operating theatre environment has introduced new hazards for the patient undergoing general anaesthesia. Reported hazards include accidental obstruction of the scavenging pathway with a consequent increase in intrathoracic pressure,1,2 inadvertent application of a subatmospheric pressure to a patient's lungs,3 malfunction of a mechanical ventilator following the application of a subatmospheric pressure to its venting port,4,5 accidental misconnection of newly introduced combinations of anaesthetic apparatus,2,6 and unrecognised accidental overdose of volatile anaesthetic agent. 7 In the present paper two further episodes are described of misadventure occurring in association with anaesthetic scavenging. The literature dealing with the hazards of scavenging is also briefly reviewed.
CASE REPORTS Case J
A 45-year-old man was admitted with an eight-day history of recurrent dysaesthesia of his left arm and face. He had been treated for hypertension for five years and was currently receiving methyldopa 250 mg tds and pindolol 5 mg daily. Investigation revealed gross hyperlipoproteinaemia.
He was treated with heparin and a carotid angiogram was performed under general anaesthesia. Before the study was performed, anticoagulation was reversed with protamine. Premedication was with diazepam 10 mg orally two hours before induction. Anaesthesia was induced with pethidine 25 mg and thiopentone 450 mg, and suxamethonium 100 mg was administered to facilitate tracheal intubation. Pancuronium 4 mg was given and IPPV instituted using a Manley ventilator at a minute volume of 10 litres per minute, 30070 oxygen and 70% nitrous oxide. The arterial pressure was then found to have decreased from a preinduction level of 140 mm Hg systolic to 80 mm Hg systolic and the anaesthetist summoned
assistance. Metaraminol 1 mg was given intravenously and the newly arrived anaesthetist observed that the scavenging line from the venting port of the ventilator was acutely kin ked ( Figure 1 ). The obstruction was quickly relieved and the arterial pressure increased to 190 mm Hg over the ensuing minutes. The procedure was otherwise uneventful and the patient awoke normally. The angiogram revealed a well defined atheromatous plaque at the right carotid bifurcation.
Seven hours later the patient became uncooperative and nauseated and complained of a throbbing headache. A CAT scan suggested an area of right fronto-parietal infarction (though a subsequent scan was essenlially normal). Over the next 24 hours paralysis of the left arm and face developed and one generalised convulsion occurred. Three days later he improved dramatically and the signs and symptoms regressed completely over the next week.
There was considerable speculation a~ (0 the cause of this man's cerebrovascular accident. Dislodgement at arterial puncture of an atheromatous plaque, arterial spasm, radioopaque dye effect, and of course intraoperative hypotension, were all considered. The actual cause of the cerebrovascular accident remains unclear, but there is little doubt in our minds that by raising the intrathoracic pressure the kin ked scavenging line was a contributing factor in the episode of intra-operative hypotension. Later, when the ventilator was connected to a 'dummy lung' the kinked scavenging line was seen to act as a constant resistance with the 'lung' pressure falling in a linear manner throughout expiration.
Case 2
A healthy 49-year-old woman was admitted for elective cholecystectomy. Premedication was with papaveretum 20 mg, promethazine 25
Anae5thesw and Intensive Care, Va!. X, /,\'0. /, February. 1982 mg and atropine 0.6 mg. Following thiopentone 400 mg and suxamethonium 75 mg the trachea was intubated. Intermittent positive pressure ventilation (IPPV) was instituted and the operation commenced. At the first sign of movement, tubocurarine 30 mg was given.
About three minutes later bradycardia was noted, and over the ensuing minutes the arterial pressure decreased steadily. The patient remained pink and well perfused peripherally. Atropine 0.6 mg was given intravenously after the arterial pressure had decreased to 80 mg Hg systolic from a pre-induction level of 160 mm Hg systolic. l00OJo oxygen and methoxamine 10 mg intravenously were administered when the arterial pressure decreased to 50 mm Hg systolic. Deterioration continued and the radial and brachial pulses became impalpable. External cardiac massage was commenced: the ECG showed a marked sinus bradycardia. Cardiac massage resulted in a temporary return of the peripheral arterial pulse but the improvement was short-lived. At this time a second anaesthetist noticed that the Fluotec Mark 3 vaporiser was at 5% instead of being at 00J0. The patient had been receiving 5% halothane by artificial ventilation for about 10 minutes.
With the halothane vaporiser turned off the arterial pressure increased to 100 mg Hg systolic over the next 10 minutes, and surgery was completed. The patient was maintained on IPPV for four hours and then extubated: she was rational though still drowsy. The postoperative course was uneventful, apart from insomnia on the evening of the operation and nausea which persisted for three days.
Since all vented anaesthetic gases were being efficiently scavenged, there had been no smell of halothane in the theatre, either before or after the patient was connected to the mechanical ventilator.
DISCUSSION
The hazards of anaesthetic scavenging can be reviewed under five headings: 1. Increased complexity of anaesthetic apparatus Scavenging equipment increases the complexity of anaesthetic apparatus, and hence also the possibility of an accident occurring. Risks are especially great if scavenging lines and Anaesthesia and Intensive Care, Vol. X, No. 1, February, 1982 connections are not wholly 'dedicated' to their scavenging role.
One report has described a disconnection of the expiratory limb of a circle system with subsequent reconnection to the 'non-dedicated' scavenging port of the adjustable venting valve. 2 This led to total obstruction of gas outflow from the patient breathing system, with a consequent rapid rise in airway pressure.
Accidental apparatus misconnection has also occurred following the introduction of Mapleson D systems to facilitate anaesthetic scavenging in the Induction Room. 6 Though the scavenging system itself was fully 'dedicated', a 22 mm female connector on the fresh gas line (rather than an International Standard 15 mm male connector) made possible a potentially life-threatening interchange of the two limbs of the Mapleson D system.
Obstruction of scavenging pathways
Obstruction of the scavenging pathway can occur - (1) between the adjustable venting valve of the patient breathing system and the scavenging interface; (2) between the venting port of a mechanical ventilator and the interface; or (3) between the interface and the suction source. If the interface is well designed, obstruction at this third site will result in spillage of waste gases into the theatre environment but will not constitute a hazard to the patient. On the other hand, obstruction of the scavenging line on the patient side of the interface may result in a dangerous increase in intra-thoracic pressure.
This hazard of scavenging line obstruction is illustrated by Case 1 above (obstruction between ventilator venting port and interface), and by a further case 2 in which a wheel of the anaesthetic machine ran onto and compressed the scavenging line (obstruction between adjustable venting valve and interface). Both instances resulted in raised intra-thoracic pressure.
It has been suggested 8 that a suitable blowoff valve be attached directly to the venting port of the ventilator in systems where obstruction of the scavenging line proximal to the interface is possible: i.e. in systems where the tubing is compressible, out of view, or long enough to be on the floor.
Application of a subatmospheric pressure
to the patient's lungs In situations where the inlet valve of a 'closed' interface becomes stuck or blocked, or where the opening of an 'open' interface becomes occluded, or where either interface is inadvertently absent, a subatmospheric pressure will be applied to the adjustable venting valve of the patient breathing system and/ or to the venting outlet of the mechanical ventilator. When the adjustable venting valve of the patient breathing system is open, the subatmospheric pressure will be applied to the patient's lungs. This particular outcome has been reported, after the inlet valve of a 'closed' interface became stuck in the closed position. 3 If the subatmospheric pressure is applied to the venting port of a mechanical ventilator, the outcome will depend upon the make of ventilator and on the level of the subatmospheric pressure. With some ventilators the subatmospheric pressure will be transmitted to the patient's lungs during the expiratory phase. But with other ventilators, an appreciable subatmospheric pressure applied to the venting port will result in gross malfunction of the ventilator. Two reports of such malfunctions are summarised below.
Interference with the function of a mechanical ventilator
Ideally, scavenging suction should be 'high flow -low vacuum' suction. This is not universally available at the present time, and many centres still connect 'high vacuum' suction to their scavenging interfaces. It should therdore be appreciated that where 'high vacuum' suction is in use, the inadvertent application of an appreciable suction pressure to the venting port of a mechanical ventilator can cause a serious malfunction of the ventilator .
To date there have been two reports in the literature of ventilator malfunction due to a scavenging mishap. In one the inlet valve of a 'closed' interface became totally obstructed when a plastic bag was sucked into its path. 4 The subatmospheric pressure applied to the venting port of a Drager ventilator resulted in its bellows being held fully expanded, with consequently no ventilation of the patient's lungs.
In the other reported case, an adaptor with holes for air entrainment (an 'open' interface) was replaced, midway through an anaesthetic, with a similar adaptor without holes. 5 The scavenging vacuum sucked flat the rubber diaphragm of the expiratory valve of a Foregger 910 ventilator (model BC), so blocking the exit of gases from the patient breathing system. The result was a rapid increase in intra-pulmonary pressure and the development of bilateral pneumothoraces.
Removal of warning vapour smells, and ventilator sounds
In the absence of anaesthetic scavenging the identification by smell of an accidental overdose of 5070 halothane, as described in Case 2, will depend upon the height, position, and direction that the anaesthetic gases are vented, the fresh gas flow-rate, the efficiency of the theatre air-conditioning system, and the sensitivity of the anaesthetist's sense of smell. Without the use of scavenging such an overdose might well have been identified early. It goes without saying that thorough checking of equipment before use remains the best safeguard against an accident such as this.
Accidental flooding of the patient breathing system with liquid halothane, as occurred with a defective needle valve in a flow-meter serving a halothane vaporiser, 6 would certainly have been identified early, but for the use of effective scavenging.
The sounds emitted by a mechanical ventilator, which can be useful in overall patient monitoring, are appreciably altered when scavenging lines are attached to the venting ports of some ventilators. CONCLUSION 1. Scavenging apparatus must be included in the items systematically checked before general anaesthesia. In particular, the apparatus must be correctly connected and the gas pathway free from obstruction. 2. Scavenging suction should be 'high flowlow vacuum'. 'High vacuum' suction is contra-indicated because of the potentially disastrous consequences of inadvertent application to either the patient's lungs or to the venting port of a mechanical ventilator. 3. Scavenging lines running to the interface from the adjustable venting valve on the Anaesthesia and Intensive Care. Vol. X, No. 1, February, 1982 patient breathing system, or from the venting port of a mechanical ventilator, should ideally be incompressible, unkinkable, and on view at all times. If there is any chance of an obstruction occurring, then a relief valve must be positioned proximal to the site of potential obstruction. 4. The appearance and function of a scavenging interface must be simple and immediately obvious. Furthermore, since suitable 'open' interfaces have been shown to be just as efficient as 'closed' interfaces,9 the continued use of the inherently more complex 'closed' interface must be seriously questioned.
